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ABSTRACT 

The der iva t ion  of c h a r a c t e r i s t i c  p ro f i l e s  for  the sound speed  is 
d i scussed  and a c l a s s i f i ca t ion  s y s t e m  introduced.  
p r i s e s  32 types of sound p r o f i l e s  with subsequent  d iv is ion  into t h r e e  
g roups ,  namely without and with r e tu rn ing  r a y s  and with focusing. 
The  ideal ized 3 2  pro to types  of the c l a s s i f i ca t ion  s y s t e m  a r e  b a s e d  on 
the percentage  reduct ion  f o r  or thogonal  polynomials  and the sound 
speed  prof i les  a r e  c l a s s i f i ed  by ut i l izat ion of the m a x i m u m  re l a t ion -  
sh ip  with the prototypes.  

The  s y s t e m  c o m -  

The types show signif icant  r e l a t ionsh ip  with acous t i c  focusing 
and display p rac t i ca l ly  no seasona l ,  az imutha l ,  o r  c l ima t i c  var ia t ion  
f o r  focusing. T h e r e f o r e ,  s easona l ,  az imutha l ,  and c l i m a t i c  changes  
a r e  caused  by the o c c u r r e n c e  of types.  T h e s e  s e a s o n a l ,  c l ima t i c ,  
and az imutha l  f luctuat ions of the types a r e  p re sen ted .  
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1. Introduction 

The propagat ion of acous t ic  no ise ,  c r ea t ed  dur ing  s ta t ic  t e s t  
f i r i ngs  of big space  boosters ,  and the radiat ion o f  high acous t ic  e n e r g y  
in the vicini ty  of s ta t ic  t e s t  faci l i t ies  have  given r i s e  t c )  new s tudies  in 
th i s  r e l a t ive ly  wel l  es tab l i shed  field o f  phys ics .  The  p r n b l r m  of p r e -  
dict ing days  in  which the a tmosphe r i c  condi t ions a r e  favorable  f o r  
c r e a t i n g  high acous t ic  cne rgy  in  the  sur roundings  of t e s t  fac i l i t i es  i s  
of s p e c i a l  i n t e r e s t .  

Although numerous  predict ion s c h e m e s  can be developed,  based on 
a v a r i e t y  of d i f fe ren t  p r inc ip l e s ,  a c lassi f icat ion s y s t e m  f o r  the sound 
speed  prof i les  can  be a reasonable  basis  fo r  the s tudy o f  the re la t ion-  
sh ip  between acous t ic  p a r a m e t e r s  and the  sound speed  prof i les .  
c l a s s i f i ca t ion  s y s t e m  f u r t h e r  pe rmi t s  the invest igat ion o f  the in te rac t ion  
between a tmosphe r i c  and sound speed prof i le  and thus p romotes  o u r  
knowledge and understanding o f  the acous t ica l  wave propagat ion as 
influenced by the weather  si tuation. 

The  

T h e r e f o r e ,  a n  a t t empt  is made to in t roduce  a workable  s c h e m e  
f o r  c lass i fy ing  the sound speed  profile and for  studying the i r  re la t ion-  
s h i p  with some acous t ic  p a r a m e t e r s .  
types of sound speed prof i les ,  with subsequent  division into t h r e e  
g roups  (de r ived  f r o m  the i r  re la t ion  with wave propagat ion) ,  c a n  a d e -  
qua te ly  d e s c r i b e  the va r i e ty  of prof i les .  

Sn s u m m a r y ,  a s y s t e m  of 32  

2. Classiiication of the Sound Profile 

The method desc r ibed  l a t e r  in th i s  r e p o r t  could be employed 
f o r  any  type of sound speed prof i le  f r o m  the ground to any  se lec ted  
al t i tude.  
w a s  p r i m a r i l y  intended to be for  wave propagat ion in the vicinity of 
the Huntsvi l le ,  A labama ,  t e s t  facil i ty o f  t h e  M a r s h a l l  Space  Fl ight  
C e n t e r ,  National Aeronaut ics  and Space Adminis t ra t ion ,  the  c l a s s i f i -  
ca t ion  of the sound speed prof i le  i n  the f i r s t  3 k i l o m e t e r s  of the a t m o -  
s p h e r e  was  cons ide red  sufficient.  Thus ,  the l a t e r  es tab l i shed  s a m p l e  
and the ,>rofiles include only the sound speed in  the f i r s t  3 k i l o m e t e r s .  

Since the application o f  thc c lass i f ica t ion  s y s t e m  in ou r  c a s e  

Grouping of sound speed prof i les  by o ther  au tho r s  ex i s t s .  
h a s  p re sen ted  prof i les  in re la t ionship to focusing and  r e tu rn ing  
r a y s .  Another  s y s t e m  was  used  by P e r k i n s . L  P e r k i n s  employs  five 
bas ic  types  o f  sound prof i les  de  rived f o r  the i r  a s soc ia t ion  with acous t ic  
intensi ty .  Although h i s  s y s t e m  is se l f -cons is ten t  and s e r v e s  h i s  purpose  
adequate ly ,  i t  i s  not d ivers i f ied  enough to  fi t  o u r  goal.  

Heybey '  

In Appendix B 
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of Perk ins '  r e p o r t ,  32 c a s e s  a r e  i l l u s t r a t ed .  F u r t h e r  c lass i f ica t ion  
in  h i s  method is  done by subject ive judgment .  
f o r  a data sample  containing about 250 ,000  sound speed p ro f i l e s  as 
employed in  this  invest igat ion.  
whereby c lass i f ica t ion  could be es tab l i shed  by machine  methods .  

This  is h a r d l y  poss ib le  

Thus ,  o the r  ways  had to be invented 

A ce r t a in ly  in t e re s t ing  scheme  w a s  del ineated by Lund: although 
He s e l e c t s  a i t  was  p r i m a r i l y  der ived  to c l a s s i fy  wea the r  s i tua t ions .  

f irst  weather  s i tuat ion and p l aces  a l l  o the r  s i tua t ions  into the s a m e  
class if the l i n e a r  c o r r e l a t i o n  coeff ic ient  to  this  f i rs t  prototype is  
l a r g e r  than 0 .  70.  
m a t e r i a l  and s t a r t s  with a new prototype.  
unt i l  a l l  s i tua t ions  a r e  c lass i f ied .  

Thus ,  he e l imina te s  all similar s i tua t ions  f r o m  the 
The  p r o c e d u r e  is r epea ted  

This idea  h a s  c e r t a i n  potent ia l ,  al though s o m e  object ion can  be 
m a d e  aga ins t  the se lec t ion  s y s t e m  of Lund's  wea the r  s i tua t ion  p r o t o -  
types.  
se lec t ion  and that a sys t ema t i c  se lec t ion  of pro to types  is poss ib le .  
The  sys t ema t i c  s c h e m e  h a s  been engaged l a t e r  i n  the se l ec t ion  of 
the sound speed  prof i le  types .  

I t  will  be proved below that h i s  s y s t e m  is based upon a r andom 

Explaining the sys t ema t i c  s c h e m e ,  one m a y  go back to the l i n e a r  
co r re l a t ion  coeff ic ient ,  rxy, which m a y  be e x p r e s s e d  by 

u denotes  the r e spec t ive  s t anda rd  deviation of the e l emen t s  X and Y 
and  Cov s t ands  f o r  the cova r i ance ,  which m a y  be e x p r e s s e d  by 

A. and  Bo r e p r e s e n t  the r e spec t ive  m e a n  va lues  of the e l emen t s  Xi 
and Yj, N the number  of obse rva t ions .  
e l emen t s  Xi and Y .  by or thogonal  polynomials ,  such  is  the c a s e  fo r  the 
sound speed prof i le  f r o m  s u r f a c e  through 3 k i l o m e t e r s  a l t i tude,  then 
X i  - A, becomes  

If i t  i s  poss ib le  to e x p r e s s  the 

J 

Analogously,  



$i denotes  or thogonal  polynomial functions , An and Bn coeff ic ients .  
Since the  input Xi and Y .  a r e  sound speed prof i les  to be c o r r e l a t e d ,  
they c a n  be brought into the s a m e  format ,  thus i = j and m = n. This  
l eads  to  a covar iance  

J 

with 

F u r t h e r ,  

and f inal ly ,  the c o r r e l a t i o n  coefficient 

2 
If one r e m e m b e r s  that  the percentage reduct ion,  Z i x ,  is defined by 

with 

one m a y  e x p r e s s  the co r re l a t ion  coefficient by 

In Equation ( loa ) ,  Z n y  r e p r e s e n t s  the prototypes o r  ideal ized types of 
any c l a s s i f i ca t ion  scheme  and the ZZnx denotes  the e l emen t  to be c l a s s i  
f ied,  which in this  c a s e  i s  the sound speed prof i le .  The c o r r e l a t i o n  
coeff ic ient ,  rXy, m u s t  be computed f o r  a l l  ideal ized types and the 
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maximum c o r r e l a t i o n  d e t e r m i n e s  the c l a s s  into which the sound speed 
p ro f i l e  i s  grouped. 
deviation f r o m  Lund ' s2  method. 

Employing the m a x i m u m  c o r r e l a t i o n  i s  the f i r s t  

A second change f r o m  Lund ' s2  method i s  the sys t ema t i c  spacing 
of the idealized types.  
n-dimensional  s y s t e m  and c a n  be spaced randomly  o r  sys t ema t i ca l ly .  
This  will influence the assoc ia t ion  of the Z n x  with the Z n y ,  a s  m a y  be 
demonst ra ted  in  the following example .  

In effect ,  the Z n y  a r e  prototypes in  an  

Assume  the m a i n  i n t e r e s t  i s  in  Z ,  and Z, and all r ema in ing  t e r m s  
a r e  s u m m a r i z e d  under  Z,.  Then,  a two-dimensional  s y s t e m  fo r  Z ,  
and Z ,  evolves a s  i l l u s t r a t ed  in F i g u r e  1. 
c l a s s  division employs  equal  i n t e rva l s  in a l i n e a r  o r  quadra t ic  s ca l e .  
The l a t t e r  o f f e r s  the advantage that  the total  percentage  reduct ion can  
be eas i ly  added up and a diamond shaped plane develops with c l a s s e s  
as displayed in  F i g u r e  1. 
(Equation 10) .  
per formed fo r  the  individual prof i le ,  fo r  proving our  point, it c a n  be 
a s s u m e d  that  the prof i les  t o  be c l a s s i f i ed  can  be r e p r e s e n t e d  by the  
midpoints of the  class f ie lds .  
only one prototype,  zfY = 100 with 2 ;y = 0,  which is identified with 
the  uppermost  dot i n  F i g u r e  1. 
t ion coefficient of ? 0. 7 ,  the  top f ive l i nes  would be a s soc ia t ed  with 
th i s  prototype and e l imina ted  f r o m  the  m a t e r i a l .  

I t  is i r r e l e v a n t  whether  the 

The sign is  taken f r o m  the coeff ic ients  
Although the assoc ia t ion  with the  prototypes was  l a t e r  

F o r  example,  a s s u m e  tha t  t h e r e  ex i s t s  

Under a se lec t ion  s c h e m e  of a c o r r e l a -  

Equally spaced pro to types ,  a s  indicated by the dots  in F i g u r e  1 ,  
a r e  introduced and the m a x i m u m  c o r r e l a t i o n  fo r  the midpoint of the 
c l a s s  f i e l d s  i s  selected to indicate  the assoc ia t ion .  Then,  a s y s t e m  of 
divisions a r i s e s  a s  indicated by the heavy l ines  in F i g u r e  1. It should 
be noticed that  the ideal ized prototypes contain no Z, in th i s  s c h e m e  
and ,  t he re fo re ,  the c o r r e l a t i o n  coeff ic ient  and the a s  sociat ion with 
the prototypes a r e  de t e rmined  by Z I x  and Z Z x  only. 

I t  i s  obvious that  in  a s y s t e m  where  the prototypes a r e  introduced 
subsequent ly  and not s imul taneous ly  ( o r  a p r i o r i ) ,  the  e l emen t s  to  be 
c lass i f ied  a r e  not grouped by th i s  m a x i m u m  cor re l a t ion .  
f ive l ines  of c l a s s  f ie lds  would have been el iminated by the f i r s t  p r o -  
totype,  before one goes to  the next one.  ) 

(The  f i r s t  

F u r t h e r ,  i t  i s  evident that  r a n d o m  spacing of the prototypes wil l  
r e s u l t  i n  inadequate coverage  of the  total  Z , ,  Z, plane.  Thus ,  unneces -  
s a r y  prototypes m u s t  be introduced m e r e l y  to c l a s s i fy  r e m a i n d e r s .  
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The example  could be expanded t o  include m o r e  than the f i r s t  t h r e e  
S imi l a r  conclusions than obtained fo r  the p re sen ted  polynomial t e r m s .  

example  a r e  valid.  

The f ac t  tha t  no r ea l i s t i c  prof i les  m a y  a r i s e  could be brought up a s  
a n  objection to a sys t ema t i c  spac ing  of prototypes.  ‘This would be 
fac tua l ly  c o r r e c t ,  i f  the  prototypes would be cons ide red  final.  Since 
the prototypes a re  used to  s e p a r a t e  the m a t e r i a l  into c l a s s e s  only,  they 
s e r v e  a s i m i l a r  purpose  as  a c l a s s  divis ion for  ;I f requency  d is t r ibu t ion .  
P rac t i ca l ly  nobody would base  such  a c l a s s  division on r andom l i m i t s .  
E m p i r i c a l  da t a  can  then be der ived  f o r  the s e p a r a t e  groups  and r e a l i s t i c  
p r o f i l e s  can then a r i s e .  

Although the au thor  h a s  uti l ized in  the l a t e r  p a r t  equal ly  spaced  
prototypes a s  outlined in F i g u r e  1 ,  t h e r e  v i r tua l ly  e x i s t s  a n  infinite 
n u m b e r  of poss ib i l i t i es  to sys t ema t i ca l ly  a r r a n g e  for  s c h e m e s  of p r o -  
totypes.  This  is  equivalent to choosing the  in i t ia l  c l a s s  of a s y s t e m  of 
c l a s s  divis ions f o r  a f requency  dis t r ibut ion.  
proved  quite convenient and efficient.  

The p resen t  s y s t e m  

F igure  2 i l l u s t r a t e s  an  example  for  a n  e m p i r i c a l  f requency  d i s t r i -  
bution in the Z , ,  Z ,  plane.  The m a j o r i t y  of e m p i r i c a l  p rof i les  in the 
g roups  will then de te rmine  the ac tua l  c h a r a c t e r i s t i c  prof i le .  

F igu re  3 disp lays  in the layout of the Z , ,  Z, plane the placing and 
appea rance  of the l a t e r  employed pro to types .  Types  1 ,  2 ,  11,  12,  and 
21 through 24 a r e  connected with Z ,  and Z ,  only and a r e  individual 
types  i n  the i r  r e spec t ive  boundaries .  
h ighe r  o r d e r  coeff ic ients  and a p p e a r  only a s  a n  image  in the Z ,  , Z ,  
plane.  
r e p o r t .  

All  o the r  types a r e  subdivided by 

The prototypes a r e  desc r ibed  in  de t a i l  in P a r a g r a p h  3 of th i s  

3. Types of Sound Speed Profiles and Relation to Focusing 

The e s t ab l i shmen t  of a s y s t e m  of pro to types  h a s  been d i scussed  
2 in P a r a g r a p h  2 of th i s  r epor t .  

to types and the number ing  of types  a r e  contained i n  Table  I. 
t e r m s  of or thogonal  polynomials  a r e  types  1 through 6 with posi t ive 
coeff ic ients  and 11 through 16 with negative coeff ic ients .  Types  21 
through 32 a r e  m i x t u r e s  involving Z , y ,  and Z , y  with the r e s p e c -  
t ive s igns.  
o r d e r s  than Z , y ,  the  f requency  of o c c u r r e n c e  was low and thus  a s s o c i -  
a t ion was  not  s e p a r a t e d  by s ign.  
as i n  types 21 through 24 was  omit ted.  

The r e spec t ive  Z n y  va lues  f o r  the p r o -  
Individual 

Z , y ,  
In types 40  through 46, with m i x t u r e s  containing h igher  

The subdivis ion into four  p a r t s  such  
F o r  the invest igat ion of the 
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Table I. Idealized Tyges 

'YPe z: z; G zf z,2 zz, 

1 100 
2 100  
3 
4 
5 
6 

1 1  -100 
12 
13 
14 
15 
16 

100 
1 0 0  

100 

1 0 0  
-100 

- 100 
- 100 

100 

1 0 0  

21  
2 2  
2 3  
24 
25 
26 
27  
2 8  
29  
3 9  
31  
3 2  

5 0  
5 0  

- 50  
- 5 0  

50  
50 

- 5 0  
- 5 0  

5 0  
- 50 
- 5 0  

50 

5 0  
c;n 

- 50 
- 50 

J"  

5 0  
- 5 0  
- 5 0  

5 0  
5 0  

- 5 0  
- 5 0  

5 0  

4 0  5 0  50  
41 5 0  50 
4 2  5 0  50  
4 3  5 0  5 0  
44 50 50 
4 5  50 50 
46 5 0  50  

50 k 1 
2 z1 5 0 .60  

51 Others 
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250,  000 prof i les  f r o m  the c l imat ic  r e g i m e  of the Southeast  o f  the 
United States  th i s  w a s  quite s a t i s f ac to ry .  
on a world-wide b a s i s ,  i f  f r equency  f o r  types 40 through 46 w a r r a n t s  
a subdivision. 

I t  m a y  not be p e r m i s s i b l e  

Type 50 is a col lect ion of the remain ing  p ro f i l e s ,  w h e r e  the max- 
i m u m  cor re l a t ion  coefficient to any of the preceeding  prototypes is 
l e s s  than 0 . 7 0 .  I t  was der ived  by c lass i f ica t ion  of prof i les  into the 
31 types introduced as n u m b e r s  1 through 46 and then pr int ing out  the 
remaining prof i les  whose m a x i m u m  c o r r e l a t i o n  w a s  l e s s  than 0. 70. 
I t  was  d iscovered  that  these  w e r e  prof i les  whose first six polynomial 
t e r m s  rendered  a percentage  reduct ion of l e s s  than 60 percent .  Although 
a type number  51 w a s  r e s e r v e d  fo r  c a s e s  not  yet  cove red ,  none appeared .  

The introduced s y s t e m  of c lass i f ica t ion  h a s  s e v e r a l  advantages.  
F i r s t ,  ins tead of co r re l a t ing  the individual points of the sound speed  
prof i le  with the individual points of the prototype ( idea l ized  types) ,  
only the percentage reduct ions Z n x  need to be mult ipl ied.  
r educes  the computer  t ime for  c lass i f ica t ion  cons iderably .  
the profile is assoc ia ted  with the type by its m a x i m u m  cor re l a t ion .  
No o the r  prototype would f i t  the prof i le  be t te r .  
with the prototype is  always > 0. 70  except  fo r  type 50. 
a relat ively s m a l l  g roup ,  where  h igher  o r d e r  t e r m s  than the sixth 
power may preva i l .  
any  t e r m .  
cor re la t ion  coefficient i s  ove r  0. 90 .  
for thcoming r epor t .  In e s s e n c e ,  the ac tua l  prof i les  n e v e r  fall 100 
percen t  in l ine with the pro to types ,  but a r e  v e r y  c lose .  This  can  be 
in te rpre ted  a s  the ac tua l ’prof i les  cons is t ing  of predominant  t e r m s  
with some  per turba t ions .  
per turba t ions ,  the c lass i f ica t ion  i s  based upon the dominant  f ea tu re  
of the prof i les .  

This  
Second, 

Th i rd ,  the c o r r e l a t i o n  
The l a t t e r  i s  

It  includes f u r t h e r  prof i les  with no dominance of 

M o r e  de ta i l s  a r e  presented  i n  a 
In m o r e  than 90 pe rcen t  of the p ro f i l e s ,  the m a x i m u m  

Since the idea l ized  type does not contain 

It  proved fu r the r  advantageous in application to sound propagat ion 
to es tab l i sh  f o r  the var ious  types t h r e e  notable subgroups ,  although 
not all th ree  subgroups can be found in e v e r y  type (Tab le  11). 
subgroups w e r e  se lec ted  fo r  the i r  p rope r ty  with r e s p e c t  to acous t ic  
wave propagation. A s  desc r ibed  in  de ta i l  in  a r e c e n t  repor t , ’  the f i r s t  
g roup  does not r ende r  re turn ing  sound r a y s  f r o m  the a t m o s p h e r e  to  the 
ground. In the second group,  r e tu rn ing  sound r a y s  can  be expected 
but no focusing will happen. The th i rd  group c o m p r i s e s  prof i les  with 
chances  of focusing. Focusing is  used  a s  a tool to identify a r e a s  with 
gene r a l ly  high acous t ic  intensi ty .  
pu ter  methods h a s  been thoroughly desc r ibed  by the author  in  a r ecen t  

T h e s e  

The object ive de te rmina t ion  by c o m -  

r epor t .  5 
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T a b l e  11. Survey  of Focus ing  Per Profile Type  for the  Cl imat ic  Reg ime  
in  the Southeas t  United States 

ofile 
T y p e s  

1 
2 
3 
4 
5 
6 

11 
12 
13 
14 
15 
16 

21 
22 
23 
24 
25  
26 
27 
28 
29 
30 
3 1  
32 

40  
41 
42 
43  
4 4  
45 
46  

50  

Profile Groups  
~ 

Nonreturning 

0 
62 

0 
37 

0 
19 
67 

0 
63  

0 
49 

6 

1 
0 
4 

86  
0 
4 

91 
1 
2 

88 
5 
0 

4 0  
24 

9 
14 
24 
1 5  
22 

7 

Returning 

100 
38 

100 
63 

100 
81 
33 

100 
37 

100 
5 1  
94  

99 
100 

96 
14 

100 
96 

9 
99 
98 
12 
95 

100 

60 
7 6  
9 1  
86  
7 6  
8 5  
7 8  

9 3  

- 
B 

100  
29 
46 
63 
45 
81 
5 

86 
35 
37 
51 
69 

99 
97 
59 

1 
95 
96 
3 

25 
?4 

9 
94 
43 

30 
35 
64 
66 
41 
66 
49 

76 

- 

Focusing 
of B 

86  
18  
57 
41 

5 
61 
69 
84 
36 
25  
68  
2 1  

45  
90  
7 3  
49  
51  
64  
10  
8 1  
28 
26 
64 
7 6  

54  
5 0  
66 
4 3  
5 6  
5 1  
5 8  

34 

Focus ing  
of Type 

86. 0 
5. 0 

26. 0 
2.6. 0 

2. 0 
49. 0 

4. 0 
73. 0 
12. 0 
9. 0 

35. 0 
15. 0 

45. 0 
87. 0 
43. 0 

0. 3 
48. 0 
61. 0 

0. 3 
20. 0 
21. 0 

2. 0 
61. 0 
32. 0 

16. 0 
18. 0 
42. 0 
29. 0 
23. 0 
34. 0 
29. 0 

26. 0 

Type  
F requency  

5 .9  
1. 8 
0 . 3  
0.1 
0 . 0  
0. 0 

63. 1 
2. 6 
0. 8 
0. 1 
0. 0 
0 . 0  

1 . 4  
1 .9  
4 .7  
4. 6 
0 .2  
1 . 5  
1 . 9  
1 . 3  
0.2 
1 . 5  
0 . 4  
1.1 

0 .9  
0 .2  
1 . 1  
0 . 3  
1 . 4  
0 . 3  
0 . 4  

0 . 0  

11 



The frequency d is t r ibu t ion  o v e r  2 5 0 ,  000::: sound speed p ro f i l e s  by 
types and groups f o r  the c l ima t i c  r e g i m e  in the Southeas t  port ion of the 
United States  is p re sen ted  in Table  11. 
to  the profile types r e p r e s e n t  the t h r e e  g roups  as mentioned above with 
the d i f fe rence  that  i n  the middle  co lumn a l l  prof i les  with re turn ing  r a y s  
and with chances of focusing a r e  combined.  The th i rd  co lumn l i s t s  
the prof i les  with chances  of focusing alone.  If the f requency  of p r o -  
f i les  with re turn ing  r a y s  only without chances  of focusing is d e s i r e d ,  
the r eade r  m a y  s u b s t r a c t  column 3 f r o m  column 2. 

The f i r s t  t h ree  co lumns  next  

The fourth column under  heading "Focus ing  of B" conta ins  the 
f r ac t ion  of B prof i les  in  pe rcen tage ,  when focusing o c c u r r e d .  Ce r t a in  
types display high chances  of focusing for  prof i le  group B, o t h e r s  have 
l e s s e r  chances.  
p e r  type and the o v e r a l l  type frequency.  

The final two co lumns  del ineate  informat ion  of focusing 

The resu l t  has  been t r a n s f e r r e d  into F i g u r e s  4 through 6 ,  which 
p ic ture  27  of the ideal ized types and a s s o c i a t e  the f requency  of o c c u r -  
r e n c e  with them.  
the type within the total  m a t e r i a l  of 2 5 0 ,  000 prof i les .  The second line 
gives  the s h a r e  of B prof i les  e x p r e s s e d  in percentage  of the type 
occur rence .  
bottom line. 

The f i r s t  l ine r e p r e s e n t s  the ove ra l l  o c c u r r e n c e  of 

The f requency  of focusing p e r  type can  be seen  f r o m  the 

I t  can  be noticed that  type 11 a p p e a r s  m o s t  f requent  ( in  o v e r  60  
pe rcen t  of the t ime)  and r e p r e s e n t s  the type with l i t t le  chance  of 
focusing.  If e m p i r i c a l  da ta  w e r e  pe r fec t  and l ike the idea l ized  type,  
no re turn ing  r a y s  could be produced.  
f i l e s ,  however ,  e m e r g e  with re turn ing  r a y s .  This  is caused  by the 
per turba t ions .  

One th i rd  of the e m p i r i c a l  p r o -  

Type 1 p roves  as  the m a j o r  type fo r  focusing,  again a con t r ad ic -  
t ion to the ideal ized type. 
type m u s t  be expected,  a s t r a igh t  l i n e a r  i n c r e a s e  of the sound speed  
would not  c r e a t e  focusing. 
be seen .  

Although r e tu rn ing  r a y s  fo r  that  prof i le  

Again,  the ro le  of the pe r tu rba t ions  can  

These two examples  a l r e a d y  d e m o n s t r a t e  the modif icat ion by the 
e m p i r i c a l  p rof i les  and with i t  the  convers ion  into significant r e a l i s t i c  
types .  It i s  the e m p i r i c a l  prof i le  which d e t e r m i n e s  the prof i le  type 

::Sound prof i les  have been computed f o r  e v e r y  10 -degree  az imuth  
fo r  meteoro logica l  a s c e n t s  f r o m  Nashvi l le ,  Tennessee ;  Huntsvi l le ,  
A labama;  and Miss i s s ipp i  T e s t  Fac i l i ty .  

1 2  
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with r e spec t  to the acous t ica l  behavior .  Thus,  the fixed f r a m e w o r k  
of prototype becomes  useful  through the assoc ia t ion  of e m p i r i c a l  p r o -  
fi le s .  

To fur ther  conf i rm the s ignif icance of the types ,  a similar s t a t i s -  

Table  I11 
tical survey  a s  in  Table  I1 h a s  been e s t ab l i shed  f o r  a comple te ly  d i f -  
f e r e n t  c l imat ic  r e g i m e ,  n a m e l y  Chateauroux in  F r a n c e .  
e x t r a c t s  data  f r o m  this  study fo r  c o m p a r i s o n  between the two climatic 
areas. The number  of B prof i les  p e r  type,  the f r ac t ion  of focusing 
p e r  B prof i les ,  and the focusing p e r  type c o m p a r e  favorably  f o r  a l l  
p rof i le  types.  Only a few c a s e s  of l a r g e r  deviation can  be not iced,  
whose frequency of occu r rence  is v e r y  small. Thus ,  no s t a t i s t i ca l  
significance can be given to those  deviat ions.  

It should be s t r e s s e d  tha t  t h e r e  i s  a c l ima t i c  difference between 
the two a r e a s .  
This  change i s  genera ted ,  however ,  by the var ia t ion  of the type f r e -  
quency and not by different  acous t ic  behavior  within the type. Thus ,  
i t  m a y  be concluded tha t  the types can  be used  to adequately e x p r e s s  
the acous t ica l  behavior of the a t m o s p h e r e  with r e s p e c t  to focusing and 
re turn ing  r ays .  

The focusing s t a t i s t i c s  show cons iderable  change.  

F igu re  7 i l l u s t r a t e s  the th ree  types with the h ighes t  focusing 
changes and the th ree  types ,  when focusing is small. Compar i son  of 
these  empi r i ca l  m e a n  sound speeds  with the ideal ized types of 
F i g u r e s  4 through 6 r evea l s  that  types 12 ,  22, 24,  and 27 a r e  c l o s e r  
to  the ideal  m o d e l  than types 1 and 11. 
type i n  the lower  1000 m e t e r s  explains  the high chances  of focusing. 

The deviation f r o m  the m o d e l  

4. Seasonal Variation of Types and Differences in Azimuth 

P a r a g r a p h  3 of this  r e p o r t  h a s  desc r ibed  the types of sound 
speed  prof i les  i n  the lower  t h r e e  k i l o m e t e r s  of the a t m o s p h e r e  and 
t h e i r  re la t ionship to a r e a s  of high acous t ic  intensi ty  ( e x p r e s s e d  by 
focusing).  It was  explained that  focusing p e r  type showed v i r tua l ly  
no seasona l  o r  c l imat ic  dependency. The sea'sonal var ia t ion  m u s t ,  
t h e r e f o r e ,  be achieved by the var ia t ion  of types with season .  

To begin with, F i g u r e  8 d isp lays  the seasona l  and az imutha l  
var ia t ion  of focusing for  Nashvi l le ,  Tennessee,  at 1700 hour s  loca l  
t ime.  
f requent ly  in  winter .  
F r a n c e  (F igu re  9) .  
az imuths .  

Focusing exhibi ts  a peak a t  e a s t e r l y  az imuths  and o c c u r s  m o r e  
S i m i l a r  f e a t u r e s  c a n  be found a t  Chateauroux,  

The peak in  win ter  a p p e a r s  a t  sou theas t e r ly  
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Table 111. Compar ison  of Type Survey Between Southeast  United 
States and Chateauroux.  F r a n c e  

P r o f i l e  

Type 

1 
2 
3 
4 
5 
6 

11 
12 
13 
14  
15 
16 

21  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 

40  
41  
42 
43 
44 
45 
46 

50  

B P r o f i l e s  
SE US 

100 
29 
46 
63 
45 
8 1  

5 
86 
35 
37 
51  
69 

99 
97 
59 

1 
95 
96 

3 
25 

9 
9 4  
43 

30 
35 
64 
66 
4 1  
66 
49 

76 

7 A  1 -  

Chat. 

100.0 
25. 0 
54. 0 
65. 0 
33.0::: 

100. 0::: 
4.0 

83. 0 
33.0 
43.0 

100. 0::: 
69. 0::: 

99.0 
96. 0 
63.0 

0. 3 
98. 0 
94.0 

2.0 
27. 0 
57.0 

8. 0 
96. 0 
47.0 

43.0 
36. 0 
74.0 
81. 0 
41. 0 
79.0 
46. 0 

67. 0 : : ~  

Focusi  J of B 
SE US 

86 
18 
57 
41 

5 
6 1  
69 
84 
36 
25 
68 
2 1  

45 
9 0  
73 
49 
5 1  
64 
10 
8 1  
25 
26 
64 
76 

54 
50 
66 
43 
56 
5 1  
58 

34 

Chat. 

84 
14 
59 
69 

0::: 
5 0::: 

69 
82 
4 1  
30 

100::: 
2 2 ::: 

49 
82 
7 6  
33 
47 
68 
10 
7 8  
13 
22 
73  
75  

60  
56 
7 1  
60 
5 1  
7 1  
56  

5 0 ::: 

Focusing >f Type - 
S E  US 

86. 0 
5.0 

26. 0 
26. 0 

2. 0 
49. 0 

4. 0 
73.0 
12.0 

9. 0 
35. 0 
15.. 0 

45.0 
87. 0 
43.0 

0. 3 
48. 0 
61. 0 

0. 3 
20.0 
21.0 

2. 0 
61. 0 
32. 0 

16. 0 
18, 0 
42. 0 
29. 0 
23. 0 
34.0 
29. 0 

26. 0 

Chat. 

84. 0 
4. 0 

32. 0 
45.0 

0. 0 ::: 
50. 0::: 

3.0 
68. 0 
13. 0 
13. 0 

100.0::: 
15. 0::: 

49.0 
79.0 
48. 0 

0. 1 
46. 0 
64. 0 

0.2 
21.0 

9 . 0  
2.0 

69. 0 
35.0 

26. 0 
20. 0 
52. 0 
49.0 
21.0 
56. 0 
25. 0 

33.0::: 

$Type to ta l  is l e s s  than 10. 
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A 

E 
Y 

c 
E 
Y 

3000 

2500 

200 0 

1500 

100 0 

5 0 0  

0 

HIGH CHANCES OF FOCUSING 

TYPE 12 TYPE 2 2  
FOCUSING OF 

TYPE B 
I 86 '/o 
12 84 O/o 
22 90 O/O 

332 336 3 4 0  344  3 4 8  

SOUND SPEED (m/rec)  

TYPE 
86 O/o 
73 O/O 

87 O/O 

SMALL CHANCES OF FOCUSING 

FOCUSING OF 

TYPE 0 
I I  69 O/o 
24 4 9 OY-0 

27 10 O/O 

TYPE 
4 O/O 
0.3 '/o 
0.3 yo 

SOUND SPEED (m/rrc)  

F i g u r e  7. Types  with High Chances  and Low Chances  
of Focus  in g 
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The high amount  of focusing during the winter  months c o m p a r e d  
with the siummer m-onths is reflected in  the seasona l  var ia t ion  of the 
types .  Table I V  provides  da ta  on the seasona l  var ia t ion  of prof i le  
types for Nashville and Chateauroux. 
bined into t h r e e  g roups ,  the f i r s t  one with significant re la t ionship  to  
focusing,  the second g roup  with significant low focusing frequency.  
The remain ing  types could not be grouped into one o r  the o ther  with 
s t a t i s t i ca l  significance and w e r e  put into a third group. 

The prof i le  types have  been c o m -  

The s u r v e y  of Table I V  indicates  a r e m a r k e d  i n c r e a s e  of the 
focusing types in winter  and the r e v e r s e d  t rend  f o r  the nonfocusing 
types.  

Cl imat ic  d i f fe rences  become apparent  in the following. Type 1 
cont r ibu tes  m o s t  to focusing a t  Nashville,  Tennessee ,  in win ter .  In  
c o n t r a s t ,  types  12 and 23 a r e  dominant f o r  focusing a t  Chateauroux.  

Although the nonfocusing types del ineate  the  s a m e  seasona l  t r end ,  
This m a y  be due to the 

Thus,  a c l imat ic  change in the dominance of the non- 

no c l e a r  c l ima t i c  d i f fe rence  can  be observed.  
l a r g e  amoun t  of prof i les  in  type 11 ,  which outnumbers  a l l  the o the r  
types toge ther .  
focusing prof i les  can h a r d l y  be expected. 

Data  p re sen ted  in Table I V  prove,  however ,  that s easona l  and 
c l ima t i c  d i f fe rences  a r e  c rea t ed  most ly  by the var ia t ion of the type 
frequency.  Likewise,  the azimuthal  d i f fe rence  is caused  by appea rance  
of d i f fe rences  in the types.  A s  evidence,  Table  V is d isc losed .  Only 
the s u m m a r y  l ines  of the combined types as r e fe renced  i n  de ta i l  in 
Table I V  a r e  given. 
s e p a r a t e  r anges  of az imuth ,  between 70 to  110 and 250 to  290 degrees .  
Focus ing  types appea r  m o r e  frequent ly  at e a s t e r l y  az imuths  in  a g r e e -  
m e n t  with F i g u r e  8. 

Table V contains the s u m m a r y  types fo r  two 

5. Relationship Between Types and Atmospheric Profile 

In  P a r a g r a p h  4 of th i s  r epor t ,  a s y s t e m  of types of sound speed 
prof i les  h a s  been d iscussed ,  the relat ionship to focusing de r ived ,  and 
the seasona l  and az imutha l  var ia t ion del ineated.  
incomple te  i f  no mentioning of the a tmosphe r i c  prof i les  a s soc ia t ed  
with the types w e r e  made .  

The s tudy would be 

A d ive r s i f i ed  investigation would have taken m o r e  t ime  than w a s  
ava i lab le  f o r  complet ion of this  repor t .  The re fo re ,  only p r e l i m i n a r y  
r e s u l t s  w e r e  obtained fo r  s o m e  specif ied conditions.  F i r s t ,  two 
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Table  IV. Seasonal  Var ia t ion  of Type F r e q u e n c y  

h 
P r o f i l e  Nashvi l le ,  17 Local T i m e  

Type Winter  
Chat  e a u r  oux 

S u m m e r  

1 4 .4  0.4 
12 1 . 5  0. 6 
22 1 . 3  0.2 
23 2 .9  2. 1 
26 1. 6 0 .4  
31 0. 3 0. 2 

Tota l  12.0 3.9 

2 
11 
14 
24 
27 
30 

Total 

4 .5  
2.0 
1 . 3  
3 .5  
1. 8 
0.4 

13. 5 

0 t h e r  s 

1 .1  
0. 8 
0 .4  
1 . 9  
1 . 0  
0 . 4  
5. 6 
- 

3 
4 
5 
6 

13  
15 
16 
21 
25 
28 
29 
32 
40  
4 1  
42  
43 
44 
45 
46 
50  

To ta l  
- 

4 .2  
7 . 3  
3 .2  
9 . 4  
1 . 5  
0.7 

26. 3 

22 

1.0 
85. 2 

0. 02 
5. 6 
1 .5  
0 .9  

94 .2  

3.7 
66. 0 

0. 1 
6.5 
1. 8 
2. 0 
m 

2.4 
66. 6 

0. 1 
5 .7  
1.7 
1. 8 

78. 3 

0. 1 
0. 1 
0. 02 
0 .01  
0. 8 

0. 01 
2.5 
0. 04 
0.7 
0. 2 
0 .3  
0 .7  
0. 1 
1 . 0  
0. 2 
0.7 
0. 2 
0. 2 
0. 01 

- 

7 . 9  

0.01 
0.01 
- 
- 

0.4 
0. 02 

0. 2 

0. 2 
0. 01 
0. 2 
0. 2 
0. 02 
0. 2 
0 .01 
0. 2 
0. 1 
0. 1 
0. 03 

- 
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1 . 9  

0. 1 
0. 05 
0. 01 
0. 01 
0. 8 
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- 

- 
8. 2 

14. 2 
4. 3 
3. 9 
4. 5 
2.9 
0. 6 

30. 4 

2. 5 
46. 1 

0. 1 
4 .7  
2. 1 
1.9 

57 .4  

0. 2 
0. 1 
0. 01 
0. 01 
1. 2 
0. 01 
0. 1 
3. 3 
0. 3 
0. 8 
0 . 4  
1. 0 
0. 9 
0. 2 
1. 3 
0. 3 
1. 5 
0 .4  
0. 5 
0. 03 

12.2 

2.5 
75. 8 

0. 1 
6. 2 
2 . 4  
1.7 

88.7 

0. 1 
0. 03 
- 
- 

1.2 
0. 01 
0. 04 
1.0 
0. 1 
0. 3 
0. 2 
0 . 3  
0. 6 
0. 1 
0. 6 
0 .2  
0.7 
0. 1 
0. 2 

5. 8 
- 

- 

1 .1  
52. 4 

0 .2  
3 .9  
2. 1 
1 . 4  

6 m  

0.4 
0. 1 
0. 01 
0. 03 
1 .3  
0 .01  
0. 02 
0 .9  
0 . 4  
1.9 
0.2 
2 . 3  
1 .2  
0.2 
1 . 5  
0.4 
1 . 3  
0.4 
0.3 
0.01 

12.6 



Table  V. Type Distr ibut ion f o r  E a s t e r l y  and Wester ly  Azimuths 
h (Nashvi l le ,  Tennessee ,  17 Local T i m e )  

Focus ing  

Nonf oc u s  ing 

O t h e r s  

1 70 to  110 Degrees  250 to 290 Degrees  

az imuth  r anges  w e r e  se l ec t ed ,  e a s t e r l y  and w e s t e r l y ,  s i m i l a r  to the 
r a n g e s  fo r  Table V. F u r t h e r ,  a subdivision was  made  on B p ro f i l e s  
(with chances  of focusing,  s e e  Table  11) being p r e s e n t  o r  absent  for  the 
se l ec t ed  az imuth  ranges .  The resul t ing m e a n  t e m p e r a t u r e ,  wind 
speed  and d i rec t ion  prof i les  w e r e  computed. This  is  exhibited i n  
F i g u r e  10. 

Although d i spe r s ion  of the a tmosphe r i c  conditions is d isc losed  for  
a l l  t h r e e  e l e m e n t s ,  the sepa ra t ion  i n  the m e a n  wind d i rec t ion  prof i les  
is m o s t  s t r ik ing .  I t  e x p r e s s e s  that B p ro f i l e s  (and a s soc ia t ed  acous t ic  
focusing)  a p p e a r  for  e a s t e r l y  az imuths ,  i f  the wind d i rec t ion  is wes te r ly .  
B p ro f i l e s  f o r  w e s t e r l y  az imuth ,  however ,  a re  m o r e  a s soc ia t ed  with 
n o r t h e r l y  winds.  This  conf i rms  again the influence of the wind upon 
acous t i c  focusing,  d i scussed  by the  au thor  in  s e v e r a l  o t h e r  r e p o r t s .  6 9 7 y 8  

The m e a n  wind d i rec t ion  was  computed by methods  de r ived  by the au thor  
as publ ished previously?# lo 
90 d e g r e e s ,  the nonfocusing prof i les  show only a s m a l l  s epa ra t ion  i n  
the m e a n  wind d i rec t ion .  

Compared with th i s  m e a n  d i f fe rence ,  60 to 

The  wind speed i s  f r o m  2 to 5 m e t e r s  p e r  second h igher  fo r  weather  
s i tua t ions  with focusing chances  a t  e a s t e r l y  az imuths  than i t  is  f o r  
w e s t e r l y  az imuths .  This  r e s u l t  is  reasonable  s ince ,  in  g e n e r a l ,  wes t -  
e r l y  winds a r e  s t r o n g e r  than e a s t e r l y  winds and w e s t e r l y  winds c r e a t e  
focusing conditions fo r  e a s t e r l y  az imuths .  The d i spe r s ion  between the 
a v e r a g e  wind speed  for  B and no  B profi les  i n  the r ange  between 70  to 
11 0 d e g r e e s  az imuth  c a n  be in t e rp re t ed  to  m e a n  that  s t r o n g e r  winds 
lead m o r e  to a tmosphe r i c  conditions favorable  to focusing than weake r  
winds.  
g rad ien t  s e e m s  s t e e p e r  in the c a s e s  of B prof i les .  
t e m p e r a t u r e  p ro f i l e s  suppor t  one another  to c r e a t e  sound speed prof i les  
with a n  i n c r e a s e  of the sound speed  f r o m  the ground,  which in tu rn  lead 
to r e tu rn ing  r a y s  and  focusing o r  vice v e r s a  to  gene ra t e  conditions fo r  
nonf oc u s ing . 

This  is supplemented by the t e m p e r a t u r e  p ro f i l e s ,  whose 
Thus ,  wind and 
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6. Conclusions 

I n  the preceeding  s tudy,  it has been at tempted to introduce a 
workable  s c h e m e  of c lass i fy ing  sound speed prof i les  into c h a r a c t e r i s t i c  
types with an objective method w h e r e  c l a s s e s  can  be de te rmined  by 
e l ec t ron ic  compute r s .  I t  h a s  been shown that an objective scheme  can  
be developed based upon a representa t ion  of the sound speed prof i le  
by or thogonal  polynomials ,  the uti l ization of the so-cal led "percentage 
reduct ion ' '  (Equation 9 )  and the max imum l inea r  c o r  re la t ion  coefficient 
between the sound speed prof i le  and the prototypes.  
types r e su l t ed  fo r  the c l imat ic  reg ime of the Southeast  United S ta tes .  
It proved sufficient a l s o  fo r  a tmospher ic  conditions in F r a n c e .  
types w e r e  subdivided into th ree  groups by the i r  assoc ia t ion  with 
acous t ic  wave propagat ion,  namely  without and with returning r a y s  
f r o m  the a t m o s p h e r e  and with chances of acoust ic  focusing a s  a m e a s u r e  
of a r e a s  with high acous t ic  energy.  
types and the th ree  groups  and provides da ta  on f requency  of o c c u r r e n c e  
in  the c l ima t i c  r e g i m e  of the Southeast United States .  

A s y s t e m  of 32 

The 

The su rvey  in Table I1 r e l a t e s  the 

The introduced types show significant re la t ionship to focusing with 
independence of focusing chances  p e r  type f r o m  az imuth ,  s eason ,  o r  
c l ima t i c  r e g i m e  (Table  111). Thus,  seasonal ,  az imutha l ,  and c l imat ic  
va r i a t ions  of focusing a r e  a s soc ia t ed  with changes of types.  

A p r e l i m i n a r y  su rvey  of the relat ionship between the sound speed 

The 
prof i les  with and without chances  of focusing and the a tmosphe r i c  p r o -  
f i les  of t e m p e r a t u r e ,  wind d i rec t ion ,  and wind speed w a s  given. 
r e s u l t s  indicate  a definite connection between the weather  si tuation and 
focusing which is a l so  supported by r e su l t s  es tab l i shed  in a r ecen t ly  
published r e p o r t  .8 

The r e s u l t s  would exceed the  f r a m e  of th i s  a r t i c l e  i f  a l l  de ta i l s  w e r e  
p re sen ted  which w e r e  investigated during the es tab l i shment  of the 
c lass i f ica t ion  s y s t e m  f o r  sound speed prof i les .  
be obtained in a for thcoming report! 

More  information can 

F u r t h e r ,  the p r e s e n t  study r e f e r s  only to acoust ic  focusing a s  a 
s o u r c e  of a r e a s  with high acoust ic  energy. 
be expanded to  include o the r  a r e a s  of high energy .  
phenomena,  however ,  through which a re la t ive  s imple  objective tool 
could be developed in  a reasonable  t ime and which contains  m o s t  of the 
high in tens i ty  a rea .5  

The s t a t i s t i c s  can ce r t a in ly  
Focusing w a s  the 

2 5  



More work  is n e c e s s a r y  to es tab l i sh  a c l o s e r  re la t ionship  between 
the sound speed  p ro f i l e s  and the weather  s i tuat ion with the final goal  
of re la t ing acoust ic  p a r a m e t e r s  to the a tmosphe r i c  prof i les .  
c lass i f icat ion s y s t e m  of sound prof i les  can  then be cons ide red  as one 
s t ep  towards that goal. 

The 

The object  of th i s  invest igat ion was  to develop a s y s t e m a t i c  c l a s s i -  
f ication s c h e m e  f o r  sound speed p ro f i l e s .  Nothing speaks  aga ins t  the 
application of the method to  o ther  meteoro logica l  p a r a m e t e r s  as long 
as they can be f a i r l y  wel l  r e p r e s e n t e d  by a l imi ted  n u m b e r  of or thogonal  
polynomial t e r m s .  
the s u m  of prototypes.  
of the percentage reduct ion,  which in  the c a s e  of the sound speed  p r o -  
files s e e m  sufficiently l a r g e  fo r  the first terms, a combinat ion of 
s m a l l e r  t e r m s  can  be a r r anged  which a l s o  m a k e s  the method appl icable  
to  c lassi f icat ion of weather  m a p s .  

The l imi ted  number  is des i r ab le  only to r e s t r i c t  
Since the prototypes a r e  based  on the s y s t e m  
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